ABSTRACT BIRNBAUM, JEROME (University of Cincinnati, Cincinnati, Ohio), AND HERMAN C. LICHSTEIN. Metabolism of biotin and analogues of biotin by microorganisms. IV. Degradation of biotin, oxybiotin, and desthiobiotin by Lactobacillus casei. J. Bacteriol. 92:925-930. 1966 (20), modified by the addition of 5 g per liter of vitamin-free, enzyme-hydrolyzed casein (Nutritional Biochemicals Corp., Cleveland, Ohio) and 1 mg per liter of folic acid. D-Biotin was added at 10 X 10-4 or 500 X 10-4 jg/ml. Unless otherwise indicated, the inoculum was 0.4 mg (dry weight) per 100 ml of medium contained in 250-ml Erlenmeyer flasks. Glucose was autoclaved separately and added aseptically to the flasks before inoculation. Incubation was at 30 C under stationary conditions.
We have reported that Lactobacillus plantarum converts excess biotin to two vitamers not utilizable for growth. These vitamers were, however, active for Saccharomyces cerevisiae and were quantitated by means of a yeast-lactobacillus differential assay (1) . More recently, it was observed that L. plantarum can degrade oxybiotin and desthiobiotin as well as convert biotin to vitamers. However, no vitamers were produced during the metabolism of the biotin analogues, as evidenced by the fact that the products of the degradation were not assayable with S. cerevisiae (2, 3) .
In the present study, L. casei, an organism physiologically similar to L. plantarum, was found to metabolize all three materials to products not available for the yeast. The degradation of desthiobiotin is shown to impart a definite physiological advantage to L. casei.
MATERIALS AND METHODS
Culture methods. L. casei (ATCC EE 7469) was grown in the medium of Wright and Skeggs (20) , modified by the addition of 5 g per liter of vitamin-free, enzyme-hydrolyzed casein (Nutritional Biochemicals Corp., Cleveland, Ohio) and 1 mg per liter of folic acid. D-Biotin was added at 10 X 10-4 or 500 X 10-4 jg/ml. Unless otherwise indicated, the inoculum was 0.4 mg (dry weight) per 100 ml of medium contained in 250-ml Erlenmeyer flasks. Glucose was autoclaved separately and added aseptically to the flasks before inoculation. Incubation was at 30 C under stationary conditions.
Growth was determined turbidimetrically with a Klett-Summerson photoelectric colorimeter fitted with a red filter (660 m14).
Preparation of nonproliferating cell suspensions. L. casei was removed from the growth medium by centrifugation in the cold. The cells were washed three times with 0.2% NaCl, were suspended in 0. (18) . It is clear ( Fig. 1) (8, 17) .
Next, the degradation of biotin by nonproliferating cells of L. casei was studied (Fig. 2) . Cells grown in 500 X 10-4 ,ug/ml of D-biotin for 40 hr were able to degrade biotin, but those grown in the same level of biotin for 20 hr, or in 10 X 10-4 ug/ml of D-biotin for either 20 or 40 hr, were unable to metabolize the vitamin. These findings correlate well with the fact that at 20 hr no degradation of the biotin had occurred during growth ( Fig. 1) . It is important that the degrading enzymes were formed only when L. casei was grown in high levels of biotin. The degradation of oxybiotin and desthiobiotin by L. casei grown in different levels of biotin was also studied ( trols, and the initiation of degrading activity was delayed several hours until the proper pH was attained. These results are similar to those for the conversion of biotin to vitamers by L. plantarum; i.e., both systems are induced by high levels of biotin and only when the growth medium is in the acid range (1). L. plantarum does not degrade biotin to as great an extent as does L. casei, but rather converts the vitamin to two vitamers (1) . One of these vitamers, avidin-uncombinable, was extracted from the culture filtrates by ion-exchange chromatography and was found to be free from biotin on the basis of electrophoresis and paper chromatography (2) . Degradation of the avidinuncombinable material by nonproliferating cells of L. casei showed the same pattern as biotin degradation (see Fig. 2 ), i.e., only cells grown previously in high levels of biotin for 40 hr could degrade the vitamer. Moreover, the organism was able to degrade the vitamer much more rapidly and to a greater extent than biotin. Further, in buffered cultures of L. casei, the metabolism of this vitamer was delayed for the same period of time as was the degradation of biotin. These results suggested that the avidin-uncombinable vitamer produced by L. plantarum is an intermediate in the degradation of biotin by L. casei. In L. plantarum cultures, the vitamer is impermeable to the cells and accumulates in the medium (2) . The vitamer appears to be permeable to L. casei, and the degradation apparently continues, resulting in products not utilizable by S. cere- (6) .
The inhibitory effect of desthiobiotin was confirmed with the strain of L. casei used in this study (Table 1) . Increasing concentrations of DL-desthiobiotin were added to a series of flasks containing sufficient D-biotin to support maximal growth (5 X 10-4 jg/ml). As the molar ratio of DL-desthiobiotin to D-biotin increased, growth was inhibited. At a ratio of about 23,000:1, growth was reduced to the endogenous level. Since L. casei has been shown in this study to degrade desthiobiotin when grown in high levels of biotin, the organism might possibly overcome the inhibitory effect of desthiobiotin by degrading this analogue and, thus, decreasing the molar ratio far enough to permit growth. The experiments to support this hypothesis are described next.
L. casei was grown for 40 hr in either 10 X 10-4 or 500 X 104 ,ug/ml of D-biotin, and for 20 hr in the higher concentration. Of these cultures, only the cells grown in high biotin for 40 hr could (Fig. 4) were unable to grow in the presence of DL-desthiobiotin. Similarly, cells grown in high biotin for 20 hr (Fig. 5) were unable to grow a when desthiobiotin was present. However, cells m pregrown in high concentrations of biotin for 40 M 1.5 hr (Fig. 6) Fig. 4 . the desthiobiotin remaining in the cultures. Since a great dilution of the medium was necessary to determine the levels of desthiobiotin, any biotin present in small amounts did not interfere c with the assays. There was a rapid decrease in E desthiobiotin with cells grown previously in high°c oncentrations of biotin for 40 hr (Fig. 7) . The 10,000:1 (DL-desthiobiotin-D-biotin), which permits good growth for this organism (see Table   rlr 1 (14) and Bacillus cereus (16) . In addition, Bacterium cadaveris and Aerobacter aerogenes excrete high concentrations of desthiobiotin, with no biotin being detected in the culture fluids (unpublished data). Thus, a great variety of microorganisms produce high levels of desthiobiotin, which act as an inhibitor for L. casei. Furthermore, paper chromatography of cow's milk (natural habitat for L. casei) freed from fat and protein revealed the presence of desthiobiotin (unpublished data). It appears, therefore, that desthiobiotin may potentially inhibit the growth of L. casei in its natural environment, since a variety of microorganisms excrete desthiobiotin in much greater concentrations than biotin. The ability to degrade this analogue of biotin could be a definite physiological advantage for the organism.
